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PHYSIOLOGICAL RESEARCH ON THE CENTRIFUGE IN FLIGHT MEDICAL

EXAMINATIONS AND SELECTION SYSTEM

By P.M. Suvorov

Institute of Normal and Pathological Physiology

The sudden advance in the development of aviation and space

technology in recent decades, development of jet and rocket enginf.3,

spacecraft and rocket aircraft, have posed new problems in supp~:rt :f

flight safety, selection and approval of flight personnel and

cosmonauts and the development of new research methods to aviaticn

and space medicine. It should be emphasized that at present the

number of aircraft accidents and the accident rates in air force

units in many countries remain so high that the problem of fligh:

safety has become a national problem (report of the Presicent *c tD =

United States, 1966).

According to the data of H.S. Bell, S.P. Chonn (1964) , between

1957 and 1961 in the U.S. Air Force, 2293 pilots died as the result

of aircraft accidents and 2265 aircraft were destroyed. The materi:A"

loss amounted to more than 2.2 billion dollars.

Forty seven percent of the psychophysiological factors which

cause major aircraft disasters are due to the adverse effect of



different extremal factors such as acceleration, hypoxia, effect of

toxic substances, decompression disorders and certain other factors

which lead to loss of consciousness (H.S. Bell et al., 1964). Many

authors report cases of loss of consciousness under flight conditions

under the influence of acceleration (A.D. Arkhangel'skiy, 1938; F.

Tavel, 1947; F.R. Stauffer, 1953; T.J. Powell et al, 1957; F.M.

Suvorov, M.G. Papkov, 1960; R.C. Duvoisin et al, 1962 and others).

Therefore at the current state of development, aviation and space

medicine and in particular flight medical examination and a system

for selecting a special contingent for further successful solution ok

problems in support of flight safety require introduction of

functional research methods which simulate to a certain degree the

effect of professional factors of flight and cosmonaut activity into

our work.

The use of dedicated selection is one effective means of

overcoming the adverse effect of various extremal factors (Yu.M.

Volynkin et al, 1961, 1962; R.B. Voas, 1961; W.R. Lowelace et al,

1962; P.V. Buyanov and V.G. Terent'yev, 1967; N.N. Gurovskiy, V.V.

Parin, 1967 and others).

Special functional diagnostics in recent years have be-om: .n

important problem in aviation and space medicine and medical

examination (I.I. Likhnitskaya, 1962; G.L. Komendantov, 1966; D.A.

Biryukov et al, 1966; V.N. Alifanov, 1966, 1968 et al).

At the same time, until recently, principles of estimating

tolerance of different functional tests, optimum concrete examinaton

procedures and many other questions have not been adequately

developed.

This fully applies to the effect of a factor in flight and

cosmonaut activity such as acceleration.



In spite of the fact that the first indications of the effect of

accelerations (+Gz) on the human organism go back to the end of the

18th and start of the 19th centuries (E. Darvin, 1798 - 1SO), and

the problem of accelerations developed most rapidly as aviation

progressed (NM. Dobrotvorskiy, 1930; H.V. Diringshofen, 193 - 1942;

M. Gurvich and V. Mirolyubov, 1936; D.Ye. Rozenblyum et al., 1933;

V.V. Strel'tsov, 1938 - 1945; A.P. Popov, 1939, 1956; V.I. Babushkin

et al., 1956; P.K. Isakov, 1957, 1963; N.N. Sirotinin, 1946, 1949,

1963, 1966 et al), by the 1950s the data in the literature were no'

adequate to allow use of the effects of acceleration as a new

functional method of study for purposes of flight medical exaninatir.

(VLE). First, because the information from different authors about

the stability of the human organism to the effect of accelerations

(+Gz and +G×) was extremely contradictory and because it depended

not only on the absence of standards in the study procedures used in

centrifuges (rate of buildup of accelerations, time of effect,

subject postures), but also on inadequate evaluation of the

functional state of the organism. In particular, nothing was kn ,n

about the effect of age factors and state of health on resistance cf

individuals to accelerations and the question of the role of physical

training and organism accommodation to accelerations in the course of

flight operations was far from resolved.

Secondly the volume of physiological information obtained duli'-j

accelerations was extremely small due to major methodologicil

problems in many studies up to the 1950s. Therefore the pir,:ipi

and sometimes the only criterion of human ability to withstand

accelerations was often the symptom of a "black veil" in front

eyes. In spite of the value of this symptom, subjective featur

inherent in it cannot be ignored. This necessitates finding other

objective indicators to supplement it.

Finally, the nature of changes in the main physiolcgic.tl

reactions of the human organism under conditions of acceleraticn v-r-<

not studied in enough detail, to say nothing about the range of

individual fluctuations. Therefore it was not always pcssibl, tc:
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isolate the standard and its range from explicit or occult pathology

in organism reactions to acceleration.

Based on analyzing data in the literature it was apparent that

special experimental studies were necessary for introduction of a now

functional examination method with acceleration effects into flight

medical examination practice and the selection system.

The main objective of this ten year study was to develop,

validate and introduce into flight medical examination practice and

the system of selecting a special contingent, a new functional method

of examination with the effects of prolonged accelerations (4-Gz in

+Gx) . To do this the following main problems had to be solved:

1) Develop and test certain physiological procedures for

examinations as applied to accelerations; 2) Study the main

physiological reactions and boundaries of organism resistance to th,

effects of acceleration in different nosological groups; 3) Select

and validate the most efficient procedure for centrifuge examinarion

oF fighter pilots and special contingents; 4) study of the
characteristics of accelerations encountered under flight condiL±.,

5) find objective criteria for the ability to withstand

accelerations; 6) develop standards and estimates of the ability to

withstand accelerations (+Gz and +Gx) for pilots in special

contingents; and finally, 7) test the proposed examination method an]

its efficiency in flight medical examination practice and the

selection system.

Obviously this range of problems can only be solved within "L-

framework of collective efforts of members of the accelertim

laboratory, clinical departments and other scientific ani '

laboratories of the TsNIAG (M.D. Vyadro, I.I. Brysnov, *-.T.

Malyshkin, R.V. Beleda, N.A. Gol'din, L.N. D'yachenko, A.F.

Mikhaylov, G.P. Mikhaylovskiy, S.F. Rayev, Ya.A. Rosin, M.G. Papkov

A.A. Ushakov, Ye.A. Fedorov) and also by comprehensive scientific

cooperation with employees of other scientific institutes in 1osc>

4
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(A.R. Kotovskaya, R.A. Vartbaronov, S.F. Simpura, V.A. Degtyarev,

G.F. Khlebnikov, N.Kh. Yeshanov, V.V. Usachev et al).

I. Procedure And Volume Of Completed Research

The studies were carried out on centrifuges with a radius ,f 3.

and 7.2 meters. The effects of longitudinal accelerations (+G..,

from 3 to 8 - 9 g and transverse ones (+Gx, angle of incline of tt-

chair back to the overload vector 650) from 4 to 12 g. The

duration of accelerations in the main series of experiments was 33

seconds, in additional ones it was an unknown quantity. Intervals

between accelerations were usually 5 minutes. Acceleration buiiup

rate (+Gz) was within 0.4 - 0.5 g/sec, that of transverse cnes

(+G )-0.2 g/sec.

The effect of postures of subjects, muscle tension, phy-ic3l]

training, age, acclimation to accelerations, use of anti-g clzth±[r

gradient of accelerations and certain other questions were stui>d '-

development of the centrifuge examination procedure.

Individuals were allowed to be tested on the centrifuge after

first having an in-house clinical examination under Ts;TIAG coniti.n

if the state of their health corresponded to suitability for fligl':

operations in fighter aviation without limitations.

During the centrifuge examination, the frequency of systc,"'Is iri

respiration, sphygmograms from the carotic, radial and femoral

artery, EKG in three standard or chest leads as per Neb (192h; , E7,;

in four leads, arterial pressure in vessels of the floor of the

auricle and brachial artery were recorded using a photoelectric

method (P.M. Suvorov, 1961, 1963). In addition, to record the

arterial pressure from the brachial artery, a modified Savitskiy

method was used.

The minute and systolic volumes (MO and SO) of the blood w-i

found using the procedures of Grol'man-Khrenov (1929, 1946) in our
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modification (P.M. Suvorov, 1961, 1963), Bremr -r-Rank:e (197') and

Starr (1954) and the specific peripheral resistance (UPS) 4as

computed. Using the Syvorotkin method (1963, 1965) certain

quantitative indicators of contractile myocardial function were

found: volume rate of blood ejection (OSV) by the left ventricl,

the linear speed of blood movement in the aorta (LSDK), period ::f

blood expulsion from the heart, rate of propagation of a pulse wavL

along vessels of the muscular and elastic type (Ve), the powZr if

systoles of the left ventricle (M).

Visual acuity and conditioned motor refleyes to light signal!s

were determined before and during accelerations using a specially

developed light panel (P.M. Suvorov, 1961, 1963),

The minute volume of respiration, respiratory volume, zrgani

need for oxygen, discharge of carbon dioxide, respiratory coefficient

and energy consumption were determined in some of the tests.

Clinical examinations before and 10 to 15 minutes after

accelerations, verbal accounts of subjects, flight history, aniiys:-

of service and medical characteristics, filming cr television

observation during the centrifuge test process, studying sugar

content in the blood and Na and K ions in the urine were usd'> cis

supplementary methods.

Overall, 1278 individuals were tested on the cencrifug2 wiLl;

effects of longitudinal (+Gz) and transvers, accelerations

(+G ) . A total of 5556 revolutions with differenrt ,,rz-

were made. More than 68,000 different recordings of physiol jijcI

functions were analyzed using variation statistical iethods.

This material is discussed in two parts of the ,issertavion. ?t

first part consists of four chapters and is devoted to use of

physiological tests on a centrifuge for flight medical examination

(VLE) purposes.
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The first chapter discusses methods of centrifuge testing as

applied to examination of fighter pilots. The second chapter is

devoted to studying physiological reactions and the resistance of .

healthy organism to the effect of accelerations (+Gz) . The third

chapter treats results of physiological examinations and resistance

to acceleration among pilots with certain deviations in the Stit t

health (neurocirculatory dystonia of the hypertensive type (N'Ts:G}

and neurocirculatory dystonia of the cardial type (rlTsDK) type,

hypertonic disease of stage 1 (GB), vascular vegetative instabili-y

(SVU) , mitral incompetence of the heart in a stage of steady

compensation).

The fourth chapter analyzes questions of using physiological

centrifuge tests in VLE practice.

The second part of the dissertation consists of two chapters at::

is devoted to questions of using physiological centrifuge tests foc

selecting special contingents. The first chapter discusses

development and validation of the method of centrifuge t~sting as

applied to problems of selecting special contingents. The second

chapter contains materials on physiological reactions of individu is

and their resistance to the effects of transversely direct%:1

accelerations (+Gx).

In conclusion, a brief generalization and discussioni ,f I. -

materials as applied to increasing the safety of aviation nrA --

flights are given.

II. Results Of Completed Tests

Analysis of physiological reactions of the organism under

acceleration has shown that by no means can each physiologi:al

indicator which reflects activity of a certain organism system h-

used as a reliable criterion for the ability to withstand

a:celerations. The following were used as the leaing crit i r

th ability to withstand accelerations: prolongation )f reacti n
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time to light signals by more than 0.8 - 1 sec., reduction in visual

acuity by more than 0.3 units compared to the background, "gray" or

"black veil". Additional criteria included: paleness of the face,

increased hyperhidrosis, nausea, vomiting, group or polytcpic

extrasystole. Prognostic criteria included: decrease in systolic

pressure in vessels of the head below 40 run Hg or disappearanc of

the otic pulse, drop in visual acuity by 0.3 units at 3 g, increased

secretion of sodium ions with the urine.

No clear correlation was detected between changes at

accelerations (+Gz) and the respiratory system (respiratory

frequency, oxygen need and elimination of carbon dioxide, minuo

respiratory volume) as well as certain indicators of the

cardiovascular system (pulse rate, maximum systolic pressure in <h=

brachial artery) and the activity of the central nervous syste. at.

visual analyzer.

Acceleration tolerance was evaluated based on analysis Df

complaints, external appearance and behavior of thz subject, n.

the results of objective research. Here attention was focus,',i

change in these indicators whica was used as the criterion fc2

acceleration toleration.

Maximum tolerable accelerations were defined as those quantiti.

well tolerated by an individual without a sudden change in his

working capacity (visual acuity, conditioned motor reflexes), how:=v L

their being exceeded, even by one unit of acceleration 'l g) s=

decompensation phenomenon (visual disorders, loss of conscc s.

.r:nounced disorders of cardiac activity rhythm cr v~stibuiar

vegetative phenomena as a consequence).

A wide range of individual resistance of the human ogtn[s:.

the effect of acceleration was detected.

Maximum tolerable accelerations (+G,) for healthy fighter

pilots fluctuated primarily in the range from 5 g (more tn 3? -.

to 9 g (20 sec.).
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The acceleration toleration time at 3 g was more than 3 -.inutes,

6 g was 69 + 4.5 sec.; I g - 34 + 4.7 sec.; 8 g - 27.4 + 2.2 s c.; 3,

g - 20 sec.

Based on data about acceleration (+Gz) tolerance by healthy

fighter pilots and analyzing the results of flight histcry relatini

to magnitudes of overloads encountered under real flight con in

an acceleration magnitude of 5 g (for 30 sec.) was establishcd -s i h

minimum requirement which tolerance of acceleration by fightr pil,-;

should satisfy.

Healthy individuals not accustomed to the effect of acceieriti---

,+Gz) compared to pilots, have lower (on the average by 0.5 g.

r.=sistance. The range of individual fluctuations among them was in

the range from 2 to 7 g (30 sec.).

Fighter pilots with health problems generally have lw-

resistance to accelerations.

In particular, if among healthy pilots resistance to

accelerations less than 5 g in the first centrifuge test is observeo

in only 4.3 + 1.4% of the cases, in pilots with neurocirculatory

dystonia of the hypertensive type this is observed in 11.5 + 2.6%;
for nwurocirculatory dystonia of the cardial type, 11-.1 5. ;

hypertonic disease, stage I, in 13.2 + 5.5%;

oitral incompetence in the stable compensation phase in I2.3 S. 42,

and for vascular vegetative instability in 40.2 + 4.3% (s TabLi 1

The main factors which limit acceleration (+Gz) tolerance

include: visual disorders in the form of a gray or black veil,

of consciousness, pronounced vestibular vegetativ, phenomena a3

consequence, disruption of cardiac rhythm in the form cf group.

polytopic extrasystole, rhythm migration to lower automatism noi;s

sometimes attacks of paroxysmal tachycardia. When e:-:posed t-

accelerations for a longer period of time (more than 30 seconds),

tolerance, in addition to the aforementioned symptoms, is also
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limited by general muscle fatigue or pain in the gastrocnemius

muscles.

Age dynamics in resistance of an individual to accelerations

(+,3z) was established.

The lowest stability and highest lability of physi,>i, ;ical

functions are characteristic of individuals from 20 to 24 years of
age. By 30 to 39 years old, acceleration tolerance increases by an

average of 0.5 g and again drops (by 0.4 g) from 40 to 49 years.

Under the influence of transverse accelerations (+G% ,

angle) an increase in the resistance of the human organism is
observed. In particular tolerance boundaries for healthy individuals

not accustomed to accelerations fluctuate in the range from 6 tD 12
g. Here 72.3% of subjects are able to easily tolerate acceiereticns

of 7 g for more than 3 minutes, 76% - S g for more than 30 seconds,

53% - 10 g for 2 minutes, and 16.6% - 12 g for 30 seconds.

Analysis of the characteristics of accelerations encountered
under real flight conditions and the resistance of healthy

individuals to transverse accelerations made it possible to establi=

an acceleration magnitude of 8 g (30 sec.) at an angle of inflin.= f

the chair back of 650 to the overload vector or 10 ; (30 sea. z s
an angle of 100 as the minimum requirem=nt which should be

satisfied by resistance of candidates in a special contingent to

acceleration.

Th. mairn factcrs which limit further tolerancti of sc,-.t-

(+G,) are visual disorders (gray or black veil), disrupticn ,f
cardiac rhythm in the form of group or polytopic extrasys c:1.
sharply pronounced vestibular-vegetative phenomena as a cn. 0  _
pain blhind the thorax or multiple confluent pethechial hemc- a.

in the skin.

Thus, as the acceleration vector deflects from the longtidin,

axis o f the primary vessels, a considerable icase in esitan:

10



the effect of accelerations is observed. An increase in resistance

to accelerations occurs against a background of a considerable

intensification in the flow of afferent effects (based on EEG dat<
which exceeds a similar level for longitudinal accelerations by

several fold.

Thus it is clear that the main factor which causes developmnt

pronounced disruptions in the activity of the visual analyzer (biac.

veil) and central nervous system (loss of consciousness) under thi
influence of accelerations is not avalanche-like flows of e-

pulses unusual in terms of force and combination, as was bzlieved

earlier by some scientists (B.M. Savin and Z.K. Sulimo-Samuyllo,

1962), but hernodynamic disorders primarily in the central n.=rvots

system and visual analyzer.

Four stages or periods can be tentatively isolated in organs'

ieactions to accelerations (+Gz and +Gx).

The first stage is nervous-emotional stress which occuzs _n

period preceding the effect of accelerations. Intensificatin .of :

functional activity of the central, cardiovascular arid resriratry

systems is characteristic of it (pulse rate and respiratio;. t

increased, blood MO and MOD rise, specific peripheral resistfnc-

drops, processes of desynchronization in the EEG intensify..

Intensified secretion of adrenaline in this pric] i-

1?62 indicates involvement of the nonspecific adaptati:n in

this process.

The degree to which the first stage is pronounced depend,3 not

only on individual characteristics of the organism, age, degre cf

acclimation, but also on the importance of preceding accl..rV<

for the subject in the solution of expert problems.

It should be emphasized that incipient nervous-emctional

._azticns in the initial period make a certain impressicn cn h

;b-eqi|nt nature of physiological reactions. In particuiii u.

11



initial rotation in the centrifuge with 3 g acceleration the pulse

rate in subjects was on the average 17 per minute higher than in
subsequent rotations with the same acceleration.

The second stage is a period of compensation of organism

functions during acceleration. It can be divided into two pha:_.;

complete and relative compensation.

In the first phase, as the result of the intensification of

cardiovascular, muscular and respiratory system functions, a high

level of arterial pressure in head vessels is maintained and

disruptions in the activity of the visual analyzer (visual acuity,

and central nervous system (latent periods of conditioned mnotor

reactions) are absent. The period of complete compensation is

observed in healthy pilots, usually at 2 - 4 g (+Gz) and 4 -

(+Gx)

12
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Table 1. Tolerance of accelerations (+GL) by fighter pilots

(a) ( (c) (d) (e) frlpeMaam usOsCum )emunt (a 10 no o, (g) to*
m (b ) KU,% Cuz7nnik m -- •8 o e.A .A u .NIz W rpy eu) c.o.,. 0m y-o".

samo Cprm 2 (3 F 4 15 6 ,

1. 3oposie Ui ) 200 28.5 - - 4.3 28.05 45.2 22.4 5.84±0.06 4.3±1,4%
(210)

2. HeApou, pKyd'a opmam 100 34.0 0.68 1.37 9.6 24.6 47.9 15.85 5.7t0.085 11.65:t±2.6%
AHCrOHH rwnepro. (146)
Hqecoro ?uIa(J )

3. HeRpowupKy.STopUau 29 30.3 - 2.8 8.3 27.7 36.1 25.1 5.75-0.18 11.1 t5.2%
AHCrONHA KapAa.mU- (36)
Noro Tna(k)

4. rHlnepTOHm4ecKax 6o- 29 37.8 - 5.3 7.9 36.8 36.8 13.2 5.47=0.17 13.2±5.5%
.te3b I CT.I ) (38)

5. Cocyamcro-ereTaTHD-(m ) 127 30.5 3.2 II, 26.0 22.0 34.6 3.1 4.87±0.09 40.2-4.3 %
Haf HeyCrOAqHOCTb (141)

6. HeAocTaTOqHOCb UNT- 24 32.4 - 7,9 10.9 32.4 43.2 5,6 5.26±0.16 18.8±6.4%
TpaabmorO Kuaanaha, 1  (37)
a CTSmm C OAxOA' n
KOMnNC3cUNN

HToro(o ) 509 aer(P ) (q) H3 wal y 87 qejioseK (17%) yC"O'A4SOCTb K ycKopenums rip
(608 OA.) I O6C.eaOsaHHH Ha ueNTpH4yre OKa3a.iacb meHee 5g,

a y 4.7±0.9% membwe 4g.

.:oy: (a) group number; kb) group of subjects; (c numio-r of
individuals and tests; (d) average age of the group; '_, ;
tolerated accelerations (in % relative to nu-bet c b
group) ; (f) and higher; (g) average group resistance ir. ':'L
percentage of pilots of satisfta':tory, reduced or poor r--sistanc. t
accelerations; (i) healthy; (j) neurocirculatory dysto, nia of the
hypertensive type; (k) neurocircula- to ry dystcnia of the cirlinil
type; (1) hypertonic disease, stage 1;
Cm) vascular-vegetative instability; (n) mitral incompjtence in 'n.,-
state of stable compensation; (o) total; (p) 509 pilots (60'.
subjects);
4) .ioong thm, in 87 individuals (17%) , resistancL to actlir,:itionc

in one centrifuge test was less than 5 g, and in 4.7 + 0.9% less t-an

4 g.

13



In relative compensation (second phase), in spite of increased

arterial pressure at the cardiac level, it is observed to drop in

vessels of the head, visual acuity decreases (by 0.2 - 0.3 units),

and reaction time to light signals increases. However during thi:-

period, the pilot retains quite satisfactory working capacity.

Depending on the individual resistance of the organism to

accelerations, the period of relative compensation in healthy

individuals can be observed at 5 - 6 g (+Gz) and 8 - 10 g (+Gx).

The third stage is characterized by development of decompensatirn

process. It can also be divided into two phases: relative and

complete decompensation.

In the first case the frequency of cardiac contractions and

respiration, minute respiratory volume, oxygen need and elimination

of carbon dioxide, arterial pressure in the brachial artery stii ,c,

not differ significantly from data which characterize normal

acceleration tolerance. At the same time d sudden drop in tiz i-iI

of arterial pressure in vessels of the head leading to development of

visual disorders or loss of consciousness is observed.

Thus, in a period of relative decompensation, a disord-r cf

circulation of a regional nature is observed which relates pili i

to blood supply to the peripheral part of the visual analyzer and

central nervous system.

Since in our studies when pronounced visual disorders (lai'

veil) or loss of consciousness occurred in an individual, spinninr :L

th - centrifuge was immediately stopped (for 5 - 10 seconds',z

hardly observed any phases of complete decompensation. This

phenomenon was traced in studies in animals (10 rabbits). In his

case at certain accelerations and exposures, the frequency of cardia•

contractions and respirations diminish, cardiac rhythm switched tr-

lower nodes of automatism, and subsequently complete cessation :t

cardiac activity and respiration occurred.

14



A relative decompensation stage is observed in healthy

individuals ordinarily at accelerations of 6 - 7 g and higher ,,

or 8 - 12 g (+G\, angle 650).

In individuals not in perfect health, the decompensation period

occurs at much lower accelerations.

The fourth period characterizes processes as a consequence.

Here, together with restoration and normalization of car-icvas .ul-

central nervous system and respiratory functions, develop:Int ot :z

reactions by individual organisms and systems with prolong,1 l>nt

periods can be observed.

Thus for example, if the normalization period following 3 -5 J

accelerations (30 sec, +Gz) is limited to a few minutes for th

central nervous system, respiratory and circulat,:ry oyst:0 r

gastric secretion this process is prolonged to several hocrs - "

Khazen, 1957; P.M. Suvorov, 1953; A.S. Barer et al, 1959 , in,-

intestinal secretions, several weeks (P.M. Suvorov, 1960; V.":.

Potkin, 1967 et al) . A similar picture of prolonged consequcnr , >

observed in metabolic processes and development of morphological

changes (V.G. Petrukhin, 1962, M.I. Razumov and I.:I. KI.izen, i9h-;

Ye.F. Kotovskiy, 1963, 1966 et al).

Depending on the individual characteristics --f th5 J, Th.

ragnitude and length of accelerations, degree of acclir-atic:

physicail training and several other factors, ,isti:ctnc:c nil I

of the aforementioned periods can vary to a certair- dr2.

It should be noted that the literature describes other

classifications relating to organism interaction with accelerations

(E.H. Lambert, E.H. Wood, 1946; B.M. Savin, 1952; 3.A. ,Zl?.> I):

A.S. Barer, 1962, 1965; D.Ye. Rozenblyum, 1367 =t ai,'.

Our data on organism reactions to the efffect of acc-- ca

coincide nost closely to the classification of A.S. Bar~i (196:2 .

C.Ye. Rozenblyum (1937
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Use of polygraph recording of several physiological functions of

the organism made it possible, to a certain degree, to understand

mechanisms of the e.:istence of a wide range of individual resistance

to acceleration (P.M. Suvorov, 1968).

To briefly summarize these data, it can be stated that ultimat-,,

individual resistance of an organism to accelerations is determines

by the degree of distinctness and effectiveness of development of

compensatory mechanisms which guarantee that a certain level of blood

circulation is maintained in vitally important organs, primarily in

the central nervous system and peripheral part of the visual

analyzer.

The effectiveness of development of adaptive reactions to

accelerations changes within certain limits depending on the ago an.i

degree of acclimation of the organism to accelerations.

The most characteristic feature in physiological reactions in

younger individuals (20 to 24) and unacclimated individuals iL the

presence of a low level of arterial pressure in vessels in the head

under medium and high (5 - 7 g, +Gz) accelerations.

The muscular system plays a major role in development of

compensatory reactions of the organism to accelerations.

Analysis of materials has shown that stress of the s - " -

prelum abdominale and shoulder girdle increases organism rfsistanc--

to accelerations (+Gz) on an average by 1.8 + 0.3 g. In this case

the effect is manifested by the cardiovascular systetr,. [1u;5

tension in the period of acceleration leads to intensification of
.:irculating blood inflow to the heart, increase in bl~od Sc,

frequency of cardiac contractions, a sudden increase in the level

arterial pressure in vessels of the head. For this reason h

activity of the visual analyzer greatly improves; this is indicated

by the increase in visual acuity.

16



Therefore the developmental level of the muscular systeri has ri

certain effect on the degree of organism resistance to acceleratio.

Special research has shown (P.M. Suvorov, 1963) that athlete±s

withstand accelerations much beiter (+Gz and +Gx) that

individuals who do not systematically pursue sports. in ath.=t, s

during a period of acceleration, a higher level of arterial plessurz

is maintained in vessels of the head than in nonathletzs.

The most promising, from the point of view of increasel

resistance to acceleration, was involvement in types of spozt:s in

which brief static dynamic loads predominate (gymnastics,

weightlifting, acrobatics).

Conversely, prolonged dynamic loads (long distance ,:n:1i. ,

s ccer, skiing) in spite of what seems to be a cvrtain azchi ...cj -

th organism to hypoxia factors (A.A. Sergeyev, 1962) app r,.-tiy

cause a change in the organism (predominant development of musci'. -3

the lower extremities, additional collateral blood circul54i -.

Stepantsov, 1955; V.A. Otellin, 1966; redistribution of ciculatin;

blood during load) which to a certain degree levels the ef[, t ,2

organism acclim~ation to hypoxia. Our results cincioc '1 .

of Ya.A. Egolinskiy, M.M. Bogorod (1962), P.V. Vasil'y-v 14.* .:J.

Uglovay;a (1967), V.I. Stepantsov and A.V. Yeremin 1967).

Thus the muscular system is significantly involved i:;

cz.mpensatory reactions of the organism {G. Schuzert 192X; E.7

La-bert, 1950; Ye.A. Derevyanko. 1,53; V.I. Babushkin t il.i

1958; A.S. Barer, 1962; P.M. Suvorov, 1G3) and indiviua. ._ ,

to acceleration depends to a certain degree on lh= level :)f its

deelopment, in particular of the muscles of the shoulder 9i''d- _9

prelum abdominale.

Finally research on tolerance of acclerations by pilor:.; with

vipied states of health has shown the role and importance of

individual types of disruptions in gentral iichanisms of comptnsatn

of organism functions t,- accelerations. In particular the ,

17



resistance to accelerations is observed among individuals suffering

from vascular-vegetative instability. A considerable gradient in

arterial pressure at accelerations (+Gz) in the segment of the

ear-shoulder vessel caused by low resistance of th, vaszular bed ir.

areas below heart level, and also the disproportion betweren Lla.

and specific peripheral resistance create favorable coniticns .n

these individuals for development of decompensation processes.

Conversely, in individuals with hypertonic disease, stage 1, arl

mitral incompetence, the comparatively low level of bl:, , ldc iirngj
accelerations is balanced by the corresponding increase in si=zific

peripheral resistance and resistance to accelerations in these groupE3

i. m;uch highur than in individuals with vascular-vegetative

instability.

Therefore, without denying the importance of :h% h:art _i,

ho:eostatic regulation of arterial pressure level, we at thi- 5

time cannot agree with the concept of 0. Gauer et al (1961) ab<.. Ltfs

lea~in; role in compensatory reactions of the organism Juiing

accelerations. In this regard, vascular tension and ch,._.- "

of an individual's neurohumoral control art of d;isiv- irprt-in-

Thus, individual resistance to accelerations is an :it-j.. -

indicator influenced by age factors, degree and natur,e of muscuisi

system development, acclimation to accelerations anA finilly fit.: .t

health.

Analysis of physiological reactions of the orginisz% has shu<;n

that extreimely comple: changes in the cardiovascular, respirat ry ::,J

,o,-n::zal nervcus sysztem occur under Trhe influ ,_-n2 .f .. ,:c,.

Her-: changes in central nervous system and visual analyzer ac iv:

Iuring accelerations are determined i riiiarily by thL h,,.:

state, in particular by systolic pressure in the - ._ t.

lev.l of average dynamic and pulse pressur-s.

:cnversely, a clear correlation was not observil botwee- chenj-_
in the respiratory systen, irespiratory frzquency, oXygn 1,:.land aj

liimination of carbon dioxide, minute volume of respiration) a* }

13



as certain indicators of the cardiovascular system (pulse rate,

systolic pressure in the brachial artery) on the one hand, and tiL

activity of the central nervous system and visual analyzer durin

acceleration (+Gz) on the other. Clearly the observed relationship

between the hemodynamic state and activity of the central nervous

system during acceleration is not a randoin one, but is completely

regular. This reflects the principal pathogenetic mechanisms of tt

effect of a given extremal stimulus.

In effect, curves of the drop in visual acuity and systolic

pressure in vessels of the floor of the auricle in healthy

individuals (100 subjects) at accelerations of 3.6 and 7 g (+Gz)

essentially coincided with one another. Only at accelerations -

was the drop in visual acuity somewhat less pronouncei (by 11.

than could be expected based on data of systolic pressure in ;"ss.s

of the floor of the auricle. This is due to the fact that in I% .-

subjects, disappearance of the pulse in vessels of thL eai occur

somewhat earlier (at 1 - 2, sometimes 3 g) than the occurrence of

visual disorders.

This fact should be considered selective, dedicated coxp, ns ':i.

of intracerebral circulation due to drop in fillings th. ;A tP.1

vessels of the head with blood. This phenomenon is sbscrv 3 5

individuals not only under longitudinal (P.M. Suvorov IQ, 3

transverse accelerations (+Gx) (A.S. Barer et al, i?6&, 19<K

The natural question arises: do arterial pressuv s in t:>Z

vessels of the floor of the auricle in individuals not in pW

health maintain their importance as a criterion of acceleration

tolerance? Analysis of materials has confirmed this assompti-:.

Systolic pressure in pilots with neurocirculatory dystonia c-,.:

hypertensive type (NTsDG) and hypertonic disease, stage I tGB) e J

accelerations did not differ essentially from similar data on

individuals of the control group. Visual acuity and length sf

periods of conditioned motor reflexes were preserved in thein in th%

same manner as in healthy individuals. Conversely for

19



• . - -III N

n.urocirculatory dystonia of the cardial type (NTsDK) the level of

systolic pressure in vessels of the floor of the auricle during

acceleration was less than in healthy individuals (t = 2.2). Thi3

caused a corresponding drop in visual acuity and led to an increas,

in the time of latent periods of reflexes.

In the group of pilots with vascular-vegetative instability <VI>

low vascular pressures in the vessels cf the ear wur: also obs--rv:

during acceleration. In contrast to pilots with neurocirculatoi.-,

ystonia of the cardial type this was combined with a low lie1v :

r.-Ise pressure, low speed of blood motion in the acrta and more

pLonounced gradient of pressure in the ear-shoulder vessel '_t"

Ultimately this caused the most sudden drop in visual acuity,

compared to other groups, and an increase in latent periods of

conditioned motor reflexes.

Changes in other hemodynamic indiat,-rs linear si pd _ _ -

:errM~nt in the aorta) in the isolated f rm wer= a>fl,-_-:.E-

furcti n and tin> of response reactions to light sig-nais to, a -c..

l:sser degree than was observed with regard t z sys:,,i: i - :' _-..

Thus, in individuals not in perfect health, a rather clea -

correlation is observed between the level of systolic pr-ssa1u. iln

vessels of th=: head during accelerations Er>_ th, n.:u = , :

percept ions.

Th~se facts at first glance se.-., paradoxical oln,,- , :
-p:o)rt4ional relationship between systolic pressure andv i

.- i Af blod Eit w (K. Huertl,, 192 ; Z.A. . ....1. 1-.

*csitskiy, 1959 et al,.

in fact, the speed of blood flow is dir :tly ,r~p{*r'tin',

zu ; pressure, systolic energy and is inversely propcortinal

square_ of th.: speC of pulse wave prp igat Ln.

-heiefore some scientists 'A.A. Kedrov, A.I. 1:au<r>: iS 4

Sa.Ln, 36Q;, 1>37) consider att, :pts by isolated tut"Iol s r

10
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Diringshofen, 1933; E.H. Wood et al, 1947; D.Ye. Rozenblyum, 1955;

A.A. Sergeyev, 1967 et al) to evaluate the state of cerebral

circulation only from arterial pressure at the head lv- t¢ b

physiologically unsound.

Especially complex interrelationships in this regard occuc ,:

accelerations (+Gz ) when, together with changes in the pressurti

the arterial part of the vascular bed, a sudden drop in v,nous

pressure occurs. This makes it possible for the organism to maintain

the gradient of arterial-venous pressure up to a certain limit J.>

Henry et al; B.M. Sabin, 1952; 0. Gauer et al, 1961).

The preservation of the lumen of the venous vz=sstis, uven -1

zonsiderable negative pressure occurs in then, is pcssible du,-
r their being located in the closed cavity of the skull, w:thi:n i

negative liquor pressure is generated.

It should be noted that the mechanism of the drop in vn.ous

pressure in vessels of the head during acceleration does not

guarantee complete preservation of the normal lKve of thL r _
gradient between the arterial and venous systems which a 3 - 4.5

accelerations in the best case drops to half itj dinawv. >

Henry et al, 1950).

J.P. Henry et al (1950); C. Gauer et al (19612 alow h

participation of a second compensatory mechanism in regulation ct

cerebral blood circulation: passive or active expansioxn of -h,

cerebral vessels. This possibility is also indicated by th ,rk c

0. Ranke (1933) ; R.F. Rusmer, E.L. Beck:nan ,i.,A D. Le % !(ql4. ;
Schmidt (1950) ; E.D. Antoshkin and A.I. Iauxnenko :1960) G.1.
Mchedlishvili (1966); Yu.Ye. Moskalenko (1?%7) =t al.

Thus there are two groups of mechanisms which regulate blood

to the brain. These common mechanisms of circulatory regulation -in

specific intracranial mechanisms which regulate blood supply to th--

brain are relatively independent of the le>J of '.otal arterial

pressure. Therefore there is no absolutely strict proportion, ilty
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between the level of arterial pressure and amount of blood flc, in

cerebral vessels. But this precept remains valid only for cases of

relatively smooth drop in pressure in vessels of the head when

specific intracranial mechanisms make it possible to compensate for

the hemodynamic shifts which occur to a certain degree.

However when the average arterial pressure at eye level drops c-

40 - 30 mm Hg, visual disorders occur, and at a pressure of

mm Hg loss of consciousness occurs which indicat=s the sudde-n iAfi

in intracerebral blood circulation (J.P. Henry et al, 1950; E.H.

et al, 1947). This is confirmed by results of our research (P.11.

Suvorov, 1963).

Therefore it can be assumed that a certain dependency ari- .

between arterial pressure in vessels of the head and state

intracerebral blood circulation during accelerations only afl:.:r it

drops to a certain level, when intracranial ;echaniisms a n .

-Pmaintiin the required level of blood flow.

It should be noted that during acceleration, blml suTVy

the peripheral part of the visual analyzei compar,A to :h: --nt .L

nervous system is under less favorable conditions.

The presence of intraocular pressure which c.n th,.; Ja:

Z.2a o 22 - 22 3n H; "V.N. Arkha.gr -jlskiy : a!, 1

"- ' ',,-, 'gh tabilit " ,jh -, the- ,ve-rill , - f iz-:li ii: i ..

cz njg s (S.Ya. Sazonov =t al, 196,3, makes i: pCssib.< tZ. 5.2-.

it does not: unadrgo a major chang duing acceleration.

Conseqzently', continuity of blood flow in th :% erixi -

I I :: f Hg, if 4 - 5 mm Hg is assumi1l to b. n,:c -_r: tc '

-lastic resistancc of the artt-rial wall under the influen.;. :L

intraDjcular prezsur.: H. Hensen, 1C; A. 1. -:i1, ,i:;.1.
3avctskiy, 13056; G.I. Kositskiy{, 959) .



As already pointed out, the volunietric blood flow in the vmsE,-

is directly proportional to the pulse pressure. If, 2._C us assu':,
the systolic blood pressure at the head level is 66 mm Hg, the pll

pressure for the blood vessels of the eye will be equal to not

greatet than 40 mm Hg (66 - 13 = 43) since the diastolic pv.:. -

level cannot drop below 18 mm Hg without a corresp.onding s

blood flow. The pulse pressure at 48 mm Hg corresponds to ior ,.Li

pulse pressures at rest.

If the drop in systolic pressure in vessels of the head duu';:I

acceleration is greater than 66 mm Hg, this zhculd cius, in i
proportion, a drop in the pulse pressure in the ocular ;,sseiS .

well if we assume that the level of diastolic preesur: s :.s,:nt.

Therefore, beginning with 66 mm Hg a further drop in sys....li:

pressure at head level during acceleration should b refict~
proportionally in amounts of blood flow in ocular vessels. '-,

assumption essentially maintains its significance for a s£'ccr

variation when the possibility of a drop in diastolic pressure-

ocular vessels below the level of intraocular press'ure with

corresponding cessation of blood flow during this period is .

Expuriniental data of T.Duane 'i-54, IF6 7 :T.ili at in fo/c'r .

greater probability of thu second assumption.

Ophthalmological studies of the vessels of the ocular t~ni -

Thown that in the initial period when disruptions of perip': ::i

vision occur in a subject during acclezation, intsi;a: ,._

pulsations of the reticular arteries is observed. This &tppac<-nt..
-ccurs due to decrease in the lumen of the r[eticula arteries a .

diastolic pressure drops below the intraocular pressure lv;!.

Obviously, blood flow in the vessels of th-z eye in this tI: r

is completely stopped.

In the second period, when the "black veil" s-it t has ocr,",:L c-
subje ts, c;.-pl te dehematization of arterial vessels was observ,:.-

.--.- = -- ,,,,i~ m m m i == ~m.I lI |i



it should be emphasized that in spite of compl-te loss cf vision,

consciousness during this period was maintained for 5 to 7 seconds,

and the subject was able to correctly react to tactile or auial

stimuli.

These facts, as well as our materials, indicate that the iiain

factor behind visual disorders during acceleration (+Gz and +Gx,

is disruptions Ln nor-mal blood circulation in the peripheral par'-

the visual analyzer since EEG studies during a period of visual

disorder in most cases (95%) do not detect any specific changes in

the state of bioelectric activity of the cerebral corte-.

Thus the correlation which we observe under the influence of

accelerations between the level of systolic pressure in tve ross i%

of the head and the nature of visual perceptions which oc-ur .s

pressure drops below 66 mm Hg is not random, but c pletiL u .

!I- is due to a certain dependency between systolic press u i

• ,- ssels of the head, pulse pressure and volumetric rat= :-f

w,-ich occurs when the level of systolic pressur c," :ps b,:l,

Hg. Therefore, beginning with accelerations of 6 - 7 .

percentage of decrease in visual acuity in fact coincides with

1-v.-± of the drop in systolic pressure in vessels of the f I.:.

a uri1e.

Thus the state of arterial pressure in outs ide ,ssl;' i .

hc-ad, in conceit with analysis of data on pulse pressuie a ...

blood movement in the aorta makes it possibi, to ectin..

.fficiency of 3iocd circulation in the vascular syst > t..=

during accelerations with some reliability.

Under th influence of transverse acceeIrations (+G, an,
visual disorders occur at higher systolic pres -. ..

f th, floor .o)f the auricle, in particular at S g acceL. ...

65 + 2.3 mm Hg. However if a correction is intrciu .. ;

gn-ude of the hydrostatic ffect along :-:is n .a S j .-

:-I-,) Hg) " find that in this case systolic pressur,: i I- 1,I.

vessels should not exceed 26.4 mm Fg. This essenti.i . J
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with the average values cf systolic pressure obtainci for

lnji.-iudinal overloads (+Gz) in cases of visual disordezs .

subjects.

Which general compensatory mechanisms in an individuil or.

involved in maintaining a level of arterial pressur- in vwss~i- of

the head during accelerations? Are they isolated or are there s:.

specific features characteristic of individual nosologicai *:.jb,

Analysis has shown that three types of hemodynamic chang, lul,rij

acceleration can be isolated.

ThE first type consists in the following. Th,, r-.ri;... .v:

.r t-riaI pressure in the vascular systm .iurirn aselra" _

-n t[ted by the increase in blocd MO at normal or sgmewho -

pripheral resistance. This type of hemodynamic changes

encountered at accelerations in 75% of pilots, and also in 4-% K

subjets with neurocirculatory dystonia of the hypertensiv. ty'[..

A major- increase in the power of the cardiac contra-cti,

increase in volumetric rate of blood ejection fr.., h. -

linear sp '.d of blood in the aorta are chara.:trrscic , .

A drop in the resistance of the vasc iar a I..

)d Z,1,3 shoull b, considered a factor of ec-nomic, ox s.no

:.. -erson et al, 1963; A.A. Kiselyev, 1969, z-t a!'.

The_ second type is characte rized by th 0 absen:e c-f an.

!liod MD, the power of cardiac contractions, volorzetri: ro- .

>1.c11ir from the heart. The relative level -f art. . '

th."...s.ular sy'st7 here is maintained by the su.Jden ,

.5 ,,ecrfi peripheral resistanoe. This typt of ho3ow.iz .

characteristic of individuals with hyperconic disease, st.io I

although it is sometimes enccuntered (in 25% of cisCs) in h..i v

ind~viduals ani roughly in half of cases with neuo.-inr&iat-y

.3tv i - ;,. hyp.:r t.: si7 - typ,2 ( 7 ' .



The third type of hemodynamics is intermediate between the first

two. Here the relative level of arterial pressure is maintained both

by increasing the blood MO, and also raising the specific peripheral

pressure. The third type of hemodynamics is encountered at

accelerations of individuals with neurocirculatory dystonia of the

cardial type, vascular-vegetative instability (SVN), mitral

incompetence in a stage of stable compensation.

Analysis of materials on hemodynamics has shown that the most

standard characteristic for the stage of relative decompensation

(visual disorders) is the disproportion in blood MO on the one hand,

and magnitudes of specific peripheral resistance on the other which

ultimately leads to a sudden drop in the level of the medium dynamic

pressure (Table 2).

Table 2. Hemodynamic state (M + m) in different groups of subjects
exposed to 5 g accelerations (30 sec.) +Gz

(a) (b) rp ,.nu o6yn 6CAA Y WI

flBUrn..~N JTC) 3. (e), (f) I(g) r (h iir HuAK 
INIMNg (30") Tun a . II i." eAe"'

Sj)
coscpauenlA
At@GTO Afe-

ayAoqa( a) 4.2*0.3 8.2±0,6 6.7±0.5 6.2±0,7 5.1±0,3 5,2±0.4 4.3±0.8

(!k)MO Np0911
(A) 7.4±0.4 13.1±0.9 10,2±1.2 n,5±0.8 6.7±0.5 8.7±0.8 7.1±0.8

(1)Ynlc

(YA. td.) 23±1,4 20±1,5 28±2.5 29±3.0 40±3.3 27±3 26,5±2.7

( C ilfee ap-

(.A* pm.cm.) 89±3 141±4 154±5 13 3 144±7 i2±4 8±1

I Indicators of background data for other groups of subjects

are not cited since they were largely similar to those of the healthy
group. Statistically, reliable differences were noted only accor~ing
to data of medium dynamic pressure in individuals with ?TsDG a:n ?
stage 1.
Key: (a) hemodynamic indicators; (b) subject groups; (c) healthy;
(d) background; (e) neurocirculatory dystonia of the hypertensive
type (NTsDG); (f) neurocirculatory dystonia of the cardial type
(NTsDK);(g) hypertonic disease, stage 1 (GB) ; (h) vascular-vegetative
instability (SVN); (i) individuals with black veil phenomenon; (j)
power of contractions of the left ventricle (watts); (k) blocd MO
(L); (1) specific peripheral resistance (UPS) (conventional units);
(m) average arterial pressure (mm Hg).
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Tables 1 and 2 show that indicators such as the power cf ca dac'
contractions of the left ventricle, blood MO, specific per ph,;ral
resistance (UPS) did not correlate with resistance of the organis .-

accelerations in an isolated, distinct

..anner.

Thus, for example in individuals with hypertonic dis.-_ase, .j.

1, during accelerations low values of blood MO, power cf cardiac

contractions were observed, but visual acuity and latinic rr, >-i-os

conditioned motor reflexes were extremely near the gioup -.f n

individuals. Resistance to acceleration among them were consirdrbl

higher than in the group with vascular-vegetative instability

tTable 1.)

In pilots with phenomena of visual di'!L]:r3, >1c0d >C iri:nj

acceleration could be lower, equal to greater than th> ini-:_

level. On the average, blood MO figures in this group ev'.r so-K ,,n1t

exceeded (statistically unreliable) the data for individuals wlth
hypertonic disease, stage 1.

Thus, the figures for blood MO per se could not be used as i

reliable independent indicator of the efficiency of the bloo:

circulatory system during accelerations. The medium dynamic

pressure was a more integrative indicator in this regar, 1. .

fact reflect a degree of proportionality cf th, chang in i p.-_

p ripheral resistance ;.UPS; relative to th magni -ud-s cf .'
:,ean dynamic pressure equal to the product c :f the c rJi ,: .. z. ii

magnitude of UPS).

Table 2 shows that the changes in the mean dynaxT.ic prss.-

,rir-g accelrations allow a more accurate estimate cf zhc f i,-.-,

of the blood circulatory system as a whole. In particular Tabli

the low level of blood MO in individuals with first stage .3B w7as

completely balanced by corresponding incr--ase in UPS and th,: :-

dynamic pressure at 5 g accelerations remained at thc same i-v ..
among h.=althy individuals. Conversely, in a group of pilots :,i'-h ,

anU 1 .ith rclac.iv decompensati-.n (v4zual disor J , the : .sn iyr... i.
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pressure under acceleration was much less than in the control group.

This is due to the disproportion which occurs between maghitu~h

of blood MO and specific peripheral resistance. A weaK d-,r, Lt

increase of UPS which does not correspond to blood MO underlies th-

development of processes of relative decompensation. Here, processes

of regional distribution of vascular tension play a major rile. In

individuals with visual disorders under acceleration, a sheper

gradient of systolic pressure is noted on the section of the vessel

of the floor of the auricle-shoulder which indicates the presence

resistance of the vascular bed of areas located below heart levl

which is lower than in the control group. Examination of the

oscillatory index from vessels of the hand in a group of individuals

with vascular-vegetative instability (SVN) confirmed this assu:- tun.

At present it is still not possible to completcly expldin _.i

causes of disruption of vascular tension regulation in indivi.. i

with low resistance to acceleration.

Our materials as well as analysis of data from :ha li,.r tur

allow only a few statements in this regard.

In individuals with SVN, EEG revealed increased activity in t:

spectrum of the beta rhythm, and sometimes theta and supr-Ic',.?

waves. This indicates change in the relationships between the

cr.ebral cortex and subcortical formations. However the otserv,-i i .G

particular is not characteristic only of individuals with reucx:-

acceleration tolerance, but is also encountered in pil._ts '¢ith

neurocirculatory dystonia of the hypertensive type (:TsDGi ana

neutocirculatory dystonia of the cardial type (UITsDK), with f.icT

stage hypertopic disease; many of them exhibit high resistinc= t

acceleration.

At the same time these data militate in favor of possibit

Arti4cipation of central elements in disruption of vas:ula tnsl.,
regilation.



A clearer different= was detected in individuals wh-

reduced resistance to accelerations in the state of

endrocrine-humoral links of vascular tension regulation.

In individuals with low resistance to acceleration in:rs,-J

secretion of sodiun ions from the urine with a change in the

sodium-potassium coefficient is observed. Similar data w:f'. ,; tlli[

earlier by A.S. Barer and E.V. Yakovieva (1960) . Apparently,

increased elimination of sodium from the organism is du- W;ir. i',

of aldosterone secretion from the adrenal glands UK.3. Kosyakov,

1967). Ultimately this leads to a drop in distinctness of thi

:-yogenic component of vascular tension (V.M. Khayutin, 1961, i-3.;

V.V. Parin and F.Z. Meerson, 1965 et al) . Therefc.: uyl t h,
influnce of mdium and large accelerations the ab:Iity Af tm-

vascular system to withstand increasing blood pressure drops ,: .u

,gional r sistanc of vas'ular areas in the djrection ,:

ovurload vector increases to a much lesser degre than i, iLL/i

with normal level of the myogenic component. Experimental '4oi : hy

W.M. Bayliss (1902), B. Folkow (1953) , E.W. Saltz-man ,:t al

E.B. Fga et al (1955), A.F. Metheroll et al (1966) and othoer:-

indicate th- importance cf local mechanisms of contractin,

vascular wall (of arteries and veins) when the pressure is-sn

them.

in vascular tension regulation under ac it:r C , L .. L Ifl

.,:echanisms and the renin angiotensin syste: , are al-D nv: ivX.
iul' siienko, 1935, 1967; I.D. Rogge 196)

On the other hand, at present there ar, no experimtnt;- J-ir

which confirm the possibility of disruption of the vasono::r

:;.iponent of vascular tension in individuals with low re ista:.-

Iccckleratiori. In particular, according to 1I.C. Gcdal's data (1io,

amiount of adrenaline and noradrenalin secret-. in tn- 3ija i:.I-

,du -ing acceleration is essentially th, s.ime ii idividuals "'itL Lii

And r.duced resistance to a--celerations.



Our data concerning the lack of changes in frequency of cardiac

contractions and content of blood sugar in individuals with good and

reduced tolerance of accelerations also indirectly confirm, the

results of research by M.C. Goodal (1967).

Therefore it is quite probable that the level of excitation c'

the sympathetic nervous system during acceleration and its effect

state of the vasomotor component of vascular tension in individual-

with reduced and high resistance to accelerations remains almst

same. However, this mechanism can in no way compensate for

inadequacy of the myogenic component. Consequently, in indiviJ;iL

with reduced tolerance of acceleration, for medium and large

overloads more sudden redistributions of circulating blood with

corresponding deterioration of craniocerebral blcod circulatior, .

observed.

In practical terms it is important to emphasize th. t thJ s

disruptions in the state of regulatory mechanisms of vascui. : .

in many individuals are kept extremely steady. In repeated t-['.,

a centrifuge, in 60.3% of cases, reduced tolerance of accelerat-o:,

was observed.

In conclusion, let us briefly summarize these data relating t>

the role and importance of physiological research on the ,tZ.vg

for flight medical examination (VLE) practice And the systel .0f

selecting special contingents.

This research has shown (Table 1) that among pllo'2 w a

undergone a complete clinical examination using functional

tsts with positive results (examination in a baocha:ohz,

*:xygen under excess pressure, orthostatic tests, Iasters tsts,

etc.), in 17 % of subjects resistance to accelerations is vqud.

.o-nly 4 g (30 sec., +Gz) and in 4.7 + 0.9% 2 - 3 g (30 sec.).

Clearly the latter group of individuals, ,rVt n when ;sing anC :-W

*:lothing and in the presence of increased emotional stress, A- '7:

able to tolerate the entire range of overloads which can be

encountered under actual flight conditions (fro., 2 to 3 ai, more .
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The effect of large accelerations (above 6 g) will ine=vilably :,u;se

visual disorders in the-m, and in some cases loss of consciousnzs.

In fact, testing of 28 pilots sent to the TsNIAG for loss of

cunsciousness in air under overload showed that. 2/_ of th,.i: hi"'

resistance to accelerations within 2 - 4 g ',30 sc.).

Based on thes, data we can conclude that without usin g c:-,r tu]

studies in VLE practice, 4.7 + 0.9 of fighter pilots with ;Sp_. ii. .

low resistance to accelerations (+Gz) remain unrecognized and -an

be allowed to fly in fighter aircraft. This is a serious safety
thtz eat

Thz physiclogical tests on a centrifuge a:e of a 3i.,.r

-or a system of selecting a special contingent. it was pci t.-..

:bove tha: in 24% of healthy individuals, toleran,: cf ti ano.'

a-ceerations does not satisfy resistance standrds ri, ,iCt -t

present (8 g - 30 sec, angle 65" ). Obviously in this case :.h,

slec tion system promotes an increase in space flight safety.

Physiological tests cn a c-ntrifuge play a m .-c rie as -p...t

tunctional tests. In particular, in some types of parczx.-ysn,:, st<,_

_n a :3se history, centrifuge studies are much more iorm:.-,

-.:pa~d to other functional tests used in ;n: . i..

The same can be stated with regard t disc.,,-,in, hi I:

'isruptions in the rhythr, of cardiac activity. Thus, for .

:zamining individuals with myocarditic and atnh, .... r

-s centrifuge tests makv it possible to t

*:xtrasystolic disruptions of caidiac rhythm two or l.Drki.

_ft.=n than is observed in the effects of moderat- degre of hyj1.c_

H 5000 m - 30 min.;.

Finally, use of polygraphic recording of many paramers dIlLi nj

a;-i!ration ,mak= it possible to obtain some ide a ab ut fIu i

.-ap,.ALi i:.] _f the cardiovascuiar system ,.nd i:. ieul t. - .
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in the most distinct manner.

The latter data are of extremely great importance both for VLE

practice and for the system of selecting special contingents.

Therefore at present, scientifically sound VLE and a system of

selecting special contingents cannot do without use of physiological

centrifuge tests.

Our special research has shown that among pilots of air force

units considered healthy and fit for flight operations without

limitations according to results of ambulatory examination, in 2.7 +

1.5% of cases individuals with low resistance to acceleration are

encountered (within 2 - 3 g for 30 sec.).

Considering that the number of centrifuges currently available is

not adequate for testing all flight personnel in fighter units of the

air force, as a temporary measure we have suggested a procedure for

testing acceleration tolerance under real flight conditions on an

aircraft with double steering (P.M. Suvorov, 1968).

The aforementioned measures for systematic study of acceleration

tolerance by flight personnel in fighter aircraft and special

contingents should play a positive role in increasing aviation and

space flight safety.

This research allows the following conclusions to be drawn.

Conclusions

1. Resistance to accelerations (+Gz) in healthy fighter pilots

fluctuates in the range from 5 to 9 g. Acceleration tolerance time

at 3 g is more than 3 minutes.

Individuals with average and high resistance are able to

withstand the effect of 6 g accelerations for 69 + 4.5 sec., 7 g for
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34 + 4.7 sec., 8 g for 27.4 + 2.2 sec., 9 g for 20 seconds.

2. The range of resistance among individuals not acclimated to

the effects of acceleration lie in the range from 2 to 7 g (30

sec.). On the average their resistance to accelerations (+Gz) is

lower than among fighter pilots by 0.5 g.

3. Among fighter pilots not in perfect health, individuals with

resistance to acceleration (+Gz) below 5 g (30 sec.) are

encountered much more frequently than among healthy pilots (4.3 +
1.4V)

In neurocirculatory dystonia of the hypertopic type, reduced

acceleration tolerance is 11.6 + 2.6%; for neurocirculatory dystonia

of the cardial type it is 11.1 + 5.2%, for hypertonic disease, stage

1, 13.2 + 5.5%, mitral incompetence in the stage of steady

compensacion, 18.8 + 6.4% and for vascular-vegetative instability

40.2 + 4.3%.

4. There exist age dynamics of the resistance of the human

organism to the effect of acceleration (+Gz).

The lowest resistance and highest lability of physiological

functions are observed in the 20 - 24 year age group. By 30 - 39

years, acceleration tolerance increases on the average by 0.5 g and

then drops again (by 0.4 g) for the 40 - 49 year age bracket.

5. Resistance to transverse accelerations (+Gx, angle 650)

fluctuates in unacclimated healthy individuals mainly within from 6

to 12 g (30 sec.).

Acceleration tolerance time at 7 g is more than 3 minutes for

72.3% of subjects; 12 g for 30 sec. can be tolerated by 16.6% of

subjects.

6. The main factors which limit tolerance to acceleration

(+Gz) are visual disorders in the form of grey or black veils, loss
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of consciousness, pronounced disruptions in the rhythm of cardiac
activity in the form of group, polytopic extrasystole, migration of

rhythm to lower nodes of automatism, sometimes attacks of paroxysmal

tachycardia or sharply pronounced vestibular-vegetative phenomena as

a consequence.

In transverse accelerations (+Gx, angle 650) main factors

which limit tolerance are visual disorders in the form of a grey or

black veil, disruptions in cardiac rhythm in the form of group or

polytopic extrasystole, sharply pronounced vestibular-vegetative

phenomena as a consequence, pain behind the breastbone or multiple

confluent petechial hemorrhages in the skin.

In the physiological reactions of the organism to acceleration

(+Gz and +Gx), four periods or stages can be tentatively

isolated: period of nervous-emotional stress preceding acceleration;

compensation period (complete or relative); decompensation period

(relative or complete); and the aftereffect period. Depending on

individual characteristics of the organism, magnitude and length of

accelerations, degree of acclimation to accelerations and a number of

other factors, the distinctness of these periods can vary within

certain limits.

8. Individual resistance to acceleration is determined by the

degree of distinctness and effectiveness of the development of

compensatory reactions by the organism. Their nature is influenced

by age, state of the muscular system (athletes have better tolerance

of acceleration than individuals not systematically involved in

sports) and functional characteristics of the organism.

9. Analysis of the changes in various physiological functions

depending on organism resistance to acceleration (+Gz) has shown

that the state of visual perceptions (visual acuity and reaction time

to light signals level of systolic pressure in vessels of the head,
magnitude of pulse and mean dynamic pressure and elimination of

sodium and potassium ions from the organism can be relatively

reliable objective tolerance criteria. At the same time no clear
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correlation can be established between changes during accelerations

in frequency of cardiac contractions, respiration, gas exchange, the
minute volume of blood, EKG and acceleration tolerance within the

limits studied.

10. Three types of hemodynamic changes are observed in the

period of acceleration effect (+Gz).

In the first case the inadequate level of arterial pressure is
generated by the increasing blood MO with normal or somewhat reduced
specific peripheral resistance.

A similar type of hemodynamic change is encountered in 75% of
healthy individuals and 45% of individuals with neurocirculatory

dystonia of the hypertensive type.

In the second type, blood MO does not significantly change. The
relative level of arterial pressure in the vascular system is
maintained by the sudden increase in specific peripheral resistance.
This type of hemodynamics is most characteristic of individuals with
hypertonic disease, stage 1. It is also encountered in 25% of

healthy individuals and 57% of pilots with neurocirculatory dystonia

of the hypertensive type.
The third type of hemodynamics is intermediate between the first two
and is observed in individuals with neurocirculatory dystonia of the
cardial type, vascular-vegetative instability and mitral

incompetence.

11. In relative decompensation of functions under conditions of

acceleration, a disproportion occurs between level of blood MO and
magnitude of specific peripheral resistance which is accompanied by a

slight increase in mean dynamic and pulse pressures, speed of blood
motion in the aorta, sudden drop in arterial pressure at the head
level. During this period an increase in the pressure gradient is
noted on the section of the ear-shoulder vessel. This also indicates

changes in the distribution of regional vascular tension.
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12. Among fighter pilots who had undergone a complete clinical

examination using different functional tests with positive results,

centrifuge tests uncovered low tolerance for accelerations in 4.7 +

0.9% (within 2 - 3 g (30 sec.). Among air force pilots considered

healthy and suitable for flight operations without limitations

according to data of ambulatory examination, low tolerance for

accelerations (+Gz) is encountered in 2.7 + 1.5%. Tlese

contingents of individuals, even when using anti-g clothing, are not

able to withstand the entire range of accelerations encountered under

actual flight conditions in fighter aircraft (from 2 to 8 and more

g). Reduced acceleration tolerance (visual disorders, loss of

consciousness) is a serious threat to aviation and space flight

safety. Use of centrifuge studies in flight medical examination

practice and a system of selecting special contingents makes it

possible to ascertain these categories of individuals, thus prom:tin
an increase in flight safety.

13. Physiological centrifuge examinations are an extremely

effective functional test for individuals with certain types zif

paroxysmal states, hidden disruptions in the rhythm of cardiac

activity or state of vascular tension in their medical histories.

14. This research will make it possible to develop, validate and

introduce into flight medical examination practice and the system -

selecting special contingents a new functional method of testing w'-*t

the effects of prolonged accelerations.

In testing fighter pilots on a centrifuge, a procedure which use'

successively increasing accelerations (+Gz) from 3 to 5 g with 30

sec. exposure, 5 minute breaks between exposures, and acceleration

buildup rate of 0.4 - 0.5 g/sec. is recommended. For pilots with
paroxysmal states in their medical history it is also feasible to use

large accelerations on the order of 6 to 7 g (30 sec.) in order tc

determine the reserve of functional capabilities of the organism.

Based on analyzing the resistance of the human organism to

accelerations and the characteristics of overloads encountered undZ

flight conditions in modern fighter aircraft, 5 g acceleration
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C+Gz) (30 sec.) is recommended as the standard for fighter pilots.

Good tolerance of 5 g acceleration (30 sec.) on the centrifuge will

guarantee flight personnel good tolerance over the entire range of

overloads encountered under ordinary actual flight conditions when

using anti-g clothing.

In examining the special contingent on a centrifuge, in addition

to the effect of longitudinal accelerations (+Gz ) as per the

aforementioned, an examination procedure with effects of transverse

accelerations (+Gx , angle 650) with a magnitude of 4 - 6 and 8 g

(30 sec.) each with 5 minutes breaks between them and acceleration

buildup rate of 0.2 g/sec. is recommended.

Accelerations of 8 g (30 sec.) are suggested as the standard of

transverse acceleration tolerance for individuals of a special

contingent according to the aforementioned.
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ORANMZATI MCRFIH

A205 DEWIC
A210 rMMC1
c509 BALUI'C RES LAB 

I

C510 R&T LABS/AVEADCflM 1
C513 PRADOM 1
C535 AVRADCOMARCtM 1
C539 'RASANA 1
C591 FSTC 1
C63.9 mIA PZXMNE, 1
DOOB MISC 1
E053 HQ USAE/flEI 1
E404 AEDC/DF 1
E408 AE1WL 1
E410 AD/32D 1
E429 SD/fl2D 1
P005 DE/ISAVDDI 2
P050 CIA/0CP/ADD/SD 2
AFIT/IDE1
FM I

LLYWOODE 1

NASA/NST-44 1

NSA/T513/DL 2
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